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The effects of supplying the honeycreepers with these treats have been noticeable."The more I watched [the birds] and gave them flowers and flies, the more things I realized they could do. Their behavior became very diverse," says Carlstead, who clearly delights in watching the birds' antics. She has seen the birds hang upside down by one foot and perform other gymnastic feats to get hold of a flower.
Providing captive animals such as the Hawaiian honeycreepers with opportunities to display a range of speciesappropriate behaviors and to make behavioral choices that give them some control over their lives is among the goals of an animal husbandry approach known variously as behavioral enrichment, behavioral engineering, animal enrichment, and environmental enrichment. By any name, this approach aims to improve the psychological and physiological well-being of captive animals by providing environmental stimuli that help meet the animals' behavioral and psychological needs. Some enrichment efforts also have more specific, conservation-related goals, such as increasing the reproductive success of endangered species in captivity. The often creative means to these ends can include adding new items to an animal's environment, redesigning exhibit spaces, and training animals to perform certain behaviors.
Although enrichment is a relatively new term, the concept itself is not new. Individual zookeepers and other animal caretakers have been taking steps to improve the quality of life for the animals in their care for decades. "At least Giraffes at Disney's Animal Kingdom in Lake Buena Vista, Florida, get 
Spicing up zoo life
The first step in today's systematic approach to planning enrichment programs often involves using what is known about an animal's behavior in the wild-for example, how it obtains food-as the basis for determining the kinds of behaviors to encourage in captivity. At Disney's Animal Kingdom, giraffes in the African safari exhibit get some of their food from feeders that are attached to trees at giraffe height. The feeders contain browse-edible parts of trees and shrubs that take longer for animals to handle and digest than does a prepared diet. The browse feeders let the giraffes feed as they do in the wild and allow visitors to observe the giraffes' natural foraging behaviors.
There are practically as many approaches to creating foraging opportunities as there are species. Zoo staffers may scatter or hide food in an animal's enclosure, give carnivores bones or hides to chew, or make giant popsicles for animals by freezing fruits, juice, or vegetables into large blocks of ice. In primate exhibits at the Honolulu Zoo and elsewhere, keepers hang sturdy hollow balls that have holes drilled in them and are filled with breakfast cereal, peanuts, or other delicacies. The animals poke and shake the balls to get the food out. Artificial termite mounds filled with treats such as peanut butter or honey are a common enrichment device in chimpanzee exhibits. Mimicking their beAlthough the application of scientific methods to enrichment is a recent phenomenon, the concept of enrichment "has roots that go back a long way," says David Shepherdson, conservation program scientist at the Oregon Zoo in Portland. These roots include a body of research on animals in captivity and in the wild, suggesting that animals have complex mental states and thus are likely to have complex psychological needs. "I don't think you can sit back any longer and say that animals are going to be content or in a state of good well-being if you just supply their basic needs-their food and a clean, healthy environment," Shepherdson says. "It's absolutely clear...that animals need more than that." Supporting this view are laboratory studies on animal learning and memory begun in the 1940s and 1950s by a team of neuroscientists at the University of California, says Michael Renner, a professor of psychology at West Chester University in Pennsylvania. The studies revealed differences in brain structure and chemistry between littermate rats raised in "impoverished" conditions, in which rats were housed singly in barren laboratory cages with ample food and water, versus "enriched" conditions, in which several rats lived together in larger-than-normal cages containing a changing array of stimuli. In the early 1980s, studies by Renner, then a graduate student, and Mark Rosenzweig, the leader of the original research team, showed that rats raised in an enriched environment display more complex and flexible investigative behaviors than do their impoverished littermates-behaviors that provide an adaptive advantage in new situations.
One of the first people to take a scientific approach to studying animals in zoos was Heini Hediger, a former director of the Zurich Zoo, whose work in the 1940s and 1950s helped lay the groundwork for zoo biology and the study of enrichment. Hediger believed it was important to supply captive animals with behavioral opportunities similar to those available in the wild. To achieve this goal, he proposed a sort of occupational therapy for captive animals that included training and play. "He was very much ahead of his time, and in some ways what we're doing now [in the area of enrichment] is really just finally achieving some of his goals," Shepherdson says.
Many in the field of enrichment consider San Francisco State University psychologist Hal Markowitz one of the pioneers of the systematic approach to enriching zoo animals' environments. In the late 1970s, Markowitz began working with primates at the Portland Zoo (now the Oregon Zoo). He developed and tested a series of mechanical contraptions, linked to food rewards, that provided captive primates and other mammals with opportunities for creative problem-solving behaviors. His studies showed that such approaches can yield a variety of benefits, including giving animals a sense of control over their lives and reducing aggression.
The roots of enrichment havior in the wild, the chimps use sticks to extract food from the mounds.
Over the years, researchers have differed in their opinions as to whether behavior in the wild should be the ultimate and sole guiding principle for designing and assessing enrichment strategies. As some enrichment experts point out, not all "natural" behaviors are desirable in zoos. Predatory and excessively aggressive behaviors, for instance, do not go over well with zoo visitors. And zoo biologists don't always know how a species behaves in the wild. For these and other reasons, enrichment researchers now agree that both natural and more artificial approaches to enrichment are valid.
Enrichment research in both laboratories and zoos has shown the importance of providing animals with an everchanging or rotating array of stimuli and behavioral opportunities. Just as a child eventually tires of playing with a new toy, captive animals eventually lose interest in items placed in their enclosures and require novel stimuli to stay engaged. For captive animals as for humans, variety is the spice of life.
Spices themselves can be part of this variety. Animal caretakers may scatter spices and other scents in the enclosures of animals with an acute sense of smell, such as cats and other carnivores. Everyone knows that cats love catnip-but cats are also drawn to cumin, nutmeg, and other spices. "I've seen jaguars rolling in nutmeg to the point that they were more yellow than black," Mellen says. "I saw that same jaguar get all drooly about cumin." In addition to putting spices in cat exhibits, keepers at Disney's Animal Kingdom drag dead rats through the Komodo dragon exhibit to create a scent trail. "Sometimes there's a rat at the end of the trail and sometimes there's not-just like in the wild," Mellen says.
The design of an exhibit itself can improve an animal's quality of life and give it some control over its environment. For example, zoo exhibits may include areas where animals can seek respite from excess heat or cold and hiding places for animals not used to being out in the open. At the Honolulu Zoo, exhibits for African spur-thighed tortoises and other tortoises that dig holes in which to stay cool, seek shelter from insects, or lay eggs have a natural floor of loose dirt to manipulate as they wish. Although some zoos focus on making exhibits look naturalistic to visitors, Shepherdson and others emphasize that it's more important for an exhibit to be naturalistic from the animal's perspective.
Although perhaps more controversial than other approaches, training can also provide opportunities for enrichment. This approach plays an important part in the lives of Coco and Sandy, two seals that live in a small pool outside the Northeast Fisheries Science Center in Woods Hole, Massachusetts (for medical and other reasons, the seals cannot return to the wild). Twice each day, to the delight of visitors who crowd around the seal pool, the seals' keepers put the animals through their paces-including leaping high into the air to grab a hoop, racing each other through the water to fetch a ball, and jumping up onto the "rocks" in the pool. The seals are rewarded for their performance with a steady supply of fish, which the keepers pull from buckets attached to their waists.
Many of the behaviors Coco and Sandy perform are similar to those that seals perform in the wild, says Kevin Dunn, an aquarist at the facility and one of the seals' primary keepers. Dunn says the training provides several benefits for the seals. It keeps them from being bored, gives them much-needed exercise, and "gets them involved with the people who have to handle them and check them for [health] problems," thereby improving the critical keeper-animal relationship. Although the benefits of training Coco and Sandy have not been scientifically documented, Dunn feels that the seals "seem much more attuned to their envi- ronment" and are more active than other, untrained seals that once lived at the science center. Husbandry training, which teaches captive animals to cooperate in their own care, also provides benefits for animals as well as their human caretakers. Mellen describes how a black rhino can be trained to stand still at the side of its stall while a blood sample is drawn from a leg vein: "All you have to do is feed apples at one end and rub their belly with a broom at the other end." Such training can reduce stress (for both animals and humans) caused by medical and other husbandry procedures. Indeed, Mellen says, the rhinos seem to enjoy the experience.
Institutionalizing enrichment
When it comes to assessing the effectiveness of enrichment approaches, Renner says, "A lot of what goes on in zoos is that people try something, and if it seems to work they keep doing it." Now, however, enrichment researchers are beginning to document in a more objective manner whether specific strategies are indeed beneficial, and they are taking a more rigorous approach to developing and implementing enrichment plans.
At the Oregon Zoo, as at many zoos, Shepherdson says, efforts are under way to "institutionalize" enrichment by developing a zoo-wide enrichment plan that is feasible from a practical point of view and includes every animal in the collection. Enrichment efforts at zoos have tended to be "mammalcentric," focusing mostly on primates and other mammals considered to be the smartest animals. But, Shepherdson emphasizes, "There aren't any species that can't benefit from [enrichment]," although "what you do for each species is going to be different."
"Institutionalizing enrichment gets everybody on the same schedule and makes sure that enrichment gets done and is not entirely up to the whims of certain keepers," Kathy Carlstead notes. "There are not many zoos that have [enrichment programs] up to that level, [but] this is the way we're all going." At the Honolulu Zoo, she says,"What we're aiming for is to have a schedule of enrichment and a way of documenting the enrichment that has been done, making sure that it's kept variable all the time" to satisfy the animals' need for novelty and variety.
The goals are similar at Disney's Animal Kingdom, where Jill Mellen and Curator of Behavioral Husbandry Marty Sevenich MacPhee recently led an effort to devise an institutional framework for developing and maintaining environmental enrichment and training programs. Whenever possible, Mellen says, the enrichment plan for a particular animal will take into account information that keepers have gathered on the animal's natural history. Planners will use this information to determine which aspects of an animal's wild behavior to promote and encourage in captivity. "We're going to do this for every species at Disney's Animal Kingdom," Mellen says. The framework that she and Sevenich MacPhee developed also includes implementation, documentation, evaluation, and adjustment of enrichment approaches.
Not all zoos and aquariums are developing and implementing enrichment programs, however. And even at zoos that do have programs, enrichment receives less emphasis and fewer resources than other aspects of animal husbandry, such as veterinary care and nutrition. In an effort to remedy this situation, the behavior and husbandry advisory group of the American Zoo and Aquarium Association (AZA) created an environmental enrichment working group, cochaired by Shepherdson and Carlstead. Last year, the working group recommended that AZA add to its accreditation criteria a requirement that a zoo or aquarium have a formal enrichment program in place.
Making enrichment a requirement for accreditation, says Michael Renner, a psychology professor at West Chester University in Pennsylvania, will help persuade zoo administrators and others that enrichment should be incorporated into the zoo's standards of care."Until it becomes assumed that behavioral care is as important as biomedical care, it's going to be in a secondary role and will never be done properly on the scale that it should be done," he says. "Because of zoo budget pressures, rather than lack of good intention, enrichment will not become a high enough priority without some form of external pressure on the zoo."
The scientific approach
In the meantime, zoo biologists, animal behaviorists, and others interested in environmental enrichment are continuing work to develop scientifically based enrichment approaches and to assess their effectiveness. Much also remains to be learned about animals' psychological and behavioral needs. "We know with a broad brush what we need to provide for animals, but for many species we don't know in detail what that really means," Shepherdson says. For example, he says, "we know that a lot of animals benefit from having objects to play with, but different animals play with different kinds of objects. What are the features of an object that make that a good play object? Why is it that they like those kinds of objects instead of different kinds of objects? What is it about novel objects that animals like? Why are they responsive to certain novel objects and not to others?" Carlstead says that one particularly interesting area of enrichment research examines what animals need to function and develop normally in their environments and looks at the long-term benefits of enrichment. As an example, Carlstead points to the work of Françoise Wemelsfelder, an animal behaviorist at the Scottish Agricultural College in Edinburgh who is investigating how enrichment improves the ability to learn, cope with challenging situations, and reproduce normally. Wemelsfelder is a proponent of the concept of "animal agency"-the notion that animals are agents of their own well-being rather than just passive responders to their environment. Known for her research on boredom in captive animals, Wemelsfelder "is almost considered a radical," Carlstead says. "She's daring to take animal welfare to new levels [and] uses a lot of concepts from human child research," believing that animals and children have similar needs for normal development.
Much enrichment research today focuses on assessing the effectiveness of specific enrichment approaches. Such investigations usually involve comparing an animal's behavior before and after a new stimulus is added to its environment. In one recent study, done with the collaboration of keepers and staff at the Philadelphia Zoo, Renner and his students showed that "busy boxes," normally used to occupy human babies in their cribs, are safe and effective enrichment objects for small primates. The busy boxes capture the animals' interest and stimulate learning behaviors and other positive behavioral changes, Renner says. He found that after a while the animals were no longer engaged by the toys. But, he says, "if you put something different in the animal's cage they get interested again and then they habituate to that too." The researchers were able to observe which of the buttons, wheels, noisemakers, and other busy box manipulables were more or less interesting to several small primate species-information that can be used to build customized enrichment devices for each species.
Renner notes that studies on the effectiveness of a given enrichment approach often neglect the fact that "animal behavior is essentially a zero-sum game; there are only 24 hours in a day." If a new enrichment object or strategy simply causes an animal to "take time from one beneficial activity and devote it to another, then you haven't really improved things at all," he says. "If you rob Peter to pay Paul, you haven't gained anything." Renner says enrichment researchers "need to look more broadly to see whether an enrichment approach fits into an animal's routine in an appropriate way" and whether it causes undesirable secondary effects such as increased aggression.
Zoos rarely have the human or financial resources to devote to rigorous assessment methods. But Mellen notes that there is a continuum of useful assessment approaches. At one extreme are highly work-intensive scientific projects that use the observational methods of animal behaviorists, such as recording the percentage of time an animal spends on various activities before and after an enrichment plan is implemented. At the other extreme, zoo staff can assess the information in the daily reports typically filed by keepers at zoos and aquariums. Somewhere in the middle, Mellen says, is the use of a common survey tool called the Likert scale, which asks respondents to assess something on a scale of 1 to 5, such as the extent to which an animal has interacted with an enrichment object. Keepers sometimes use this scale when assessing enrichment activities. "There's no one way to document enrichment," Mellen says."I think we need to have a buffet to choose from and be sensitive of the fact that we all have limited resources." In the case of the new enrichment framework at Disney's Animal Kingdom, she says, 90 percent of their enrichment efforts will be assessed via noteworthy events listed in daily keeper reports. Another 8 percent will be monitored by keepers using a Likert scale questionnaire. Only 2 percent will be assessed via intensive, 12-week keeper projects using animal behavior methodology.
One new assessment method involves monitoring stress hormones and reproductive hormones in animal feces and urine to learn whether captive animals' stress levels and reproductive status change in response to enrichment or other factors. Carlstead is monitoring the levels of corticosteroid stress hormones in the feces of Hawaiian honeycreepers, along with behavioral changes, to determine how the birds' stress responses change across a breeding season and how stress affects reproductive behavior. Ultimately, she hopes her findings will help in developing successful captive breeding techniques for endangered bird species.
Carlstead says her research on honeycreepers "will eventually link more to the field of enrichment" because she thinks stress is affecting the birds' reproductive and other behaviors. Enrichment can provide animals with behavioral options that help them cope with stressful situations, and might also be used to lessen their fear of humans. "I think zoo animals are probably stressed by a lot more things than we realize," Carlstead says. Her preliminary evidence indicates that honeycreepers are stressed by such things as evening concerts at the zoo and machine noises outside their facility. In fact, she says, "I think a lot of the behavioral and reproductive problems we see in zoo animals are stress related."
Together with Janine Brown of the Smithsonian's Conservation and Research Center in Front Royal, Virginia, Carlstead is also studying stress in three species of captive rhinoceros. Rhinos in captivity often have problems reproducing and have a high rate of disease and mortality. The study of rhino wellbeing led by Brown and Carlstead, which takes advantage of the more than 12,000 fecal samples previously collected from rhinos in North American zoos, will look for individual and species differences in fecal levels of stress hormones and their relation to reproductive hormone activity, behavior, overall health, and environmental conditions. The rhino study is just one example of a trend toward multi-zoo studies of enrichment, designed to overcome what Renner calls "the Noah's ark problem." Zoos tend to house only a few animals each of a large number of species, which limits the conclusions that can be drawn from a study of a particular species. To overcome this problem, enrichment researchers are joining forces to do studies that involve multiple zoos, so that a larger number of animals of a given species can be studied at one time.
Shepherdson helped launch one such project, a study of polar bears that involves about 20 zoos in the United States and is funded by the nonprofit organization Polar Bears Alive. He and other researchers involved in the study are monitoring polar bear behavior for one year and will "look at how exhibit design, husbandry, environmental enrichment, and climatic variables affect behavior," he says. They are also monitoring stress in the bears by measuring stress hormones in fecal samples collected every 2 weeks during the study year. The results, Shepherdson says, should allow researchers to "link behavior to physiology to environment, and we can use that to improve both our husbandry and our future exhibit design for polar bears."
Many zoos have come a long way from the days when animals were kept in barren cages or concrete enclosures. Captive animals clearly benefit from enrichment, but those animals that remain in the wild should also ultimately profit. "We want the highest standards of animal welfare in zoos because these are animals that are representatives of their wild counterparts," Carlstead says."They are supposed to inspire people to...protect the habitat of wild animals." If animals in zoos do not behave normally and naturally in diverse and interesting ways, zoo visitors will not gain an appreciation for the natural world. After all, Renner says, "one sleeping mammal looks pretty much like another-it's a pile of fur. 
